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Establish Rules and Policies Pertaining
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CC Docket No. 92-166

COMMENTS OF ROCKWELL INTERNATIONAL CORPORATION

Pursuant to Section 1.415 of the Federal Communications Commission ("the Commis-
sion") Rules and Regulations, Rockwell International Corporation ("Rockwell") hereby sub-
mits an original and nine copies of Comments on the Notice of Proposed Rulemaking
(NPRM) regarding Amendment of the Commission’s Rules to Establish Rules and Policies
Pertaining to a Mobile Satellite Service in the 1610-1626.5/2483.5-2500 MHz Frequency
Bands. Rockwell’'s comments are confined to Interservice Sharing, particularly with

Aeronautical Radionavigation Service and Radionavigation-Satellite Service.'
INTRODUCTION

Rockwell’'s Collins Commercial Avionics Division is a manufacturer of land- and

aeronautical-mobile satellite communications equipment and a reseller of satcom services.

' NPRM, Proposed Rule 25.313. No. of Copies rec'd 0&—3
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As noted in the Notice of Proposed Rulemaking,? Rockwell was also an active participant
in the "MSS Above 1 GHz Negotiated Rulemaking Committee". As such, Rockwell wishes
to see the Mobile Satellite Service (MSS) service become fully operational as quickly as
possible. However, as a manufacturer of satellite radionavigation equipment, Rockwell
is also concerned about the interservice sharing of MSS with Aeronautical Radionavigation
Service and Radionavigation-Satellite Service.> Rockwell’s specific concerns are with the
proposed MSS in-band radiated power and the lack of adjacent band emission limits as
they impact the Russian Global Navigation Satellite System ("GLONASS") which currently

operates in the 1602-1616 MHz band.

DISCUSSION

In-Band Radiated Power

GLONASS is planned to be a principal component, along with the Global Positioning
System (GPS), in the International Civil Aviation Organization’s (ICAQO) Global Navigation
Satellite System (GNSS) for "sole means" aircraft navigation. As such, GLONASS is to be
protected from harmful interference under International Radio Regulation RR732.* In the
proposed new Part 25.213(c) the MSS in-band (1610-1616 MHz) effective isotropic

radiated power (e.i.r.p.) is proposed to be -15 dB(W/4 kHz). This power density level is

2 NPRM, Section I1.9, footnote 20, p. 6.
3 NPRM, Section I11.B.2, pp. 29-31.

4 1d., paragraph 53, p 29.



approximately 140 dB above the maximum interference level tolerated by a standard
GLONASS receiving system. The MSS interference must be attenuated by a combination
of free space path loss and relative GLONASS antenna directivity. GLONASS antenna
directivity can be expected to attenuate the MSS interference between 20 and 0 dB rela-
tive to the GLONASS satellite signals. The remaining attenuation requires from 14.8 to
148 km free-space separation between the MSS transmitter and the GLONASS receiver
to permit tracking of the GLONASS signal. Since air routes and approach paths are rela-
tively dense in the United States compared to this range of separation distances (c.f.
Attachment 1, attached hereto and made a part hereof),® shared use of the band seg-
ment is impractical to achieve without significant operational constraints on either MSS or
GLONASS. Efforts are underway to revise the occupied band of GLONASS® such that
operation would be shifted below 1610 MHz. Rockwell fully supports this effort in order
to promote spectrum efficiency and to free up spectrum for MSS use. However, in order
to protect GLONASS from harmful co-channel interference until it is shifted below 1610

MHz, MSS operation should not be permitted in the band segment 1610-1616 MHz.

Adjacent Band Emissions
The proposed new Rule 25.213 does not provide any out-of-band emission limits on MSS

equipment to protect GLONASS receivers operating in the 1602-1610 MHz band. Limits

5 Attachment 1, "An Analysis of Protection Zones for MSS-L-Band Uplink/GLONASS Frequency
Sharing During Enroute Navigation," was previously submitted by Rockwell in the MSS Above 1
GHz Negotiated Rulemaking Committee, Informal Working Group (IWG) 2, as Document IWG2-76.

& NPRM, Section I1l.B.2, paragraph 57, p. 31.
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of -80 dB(W/MHz) for narrowband transmissions and -70 dB(W/MHz) broadband trans-
missions are, however, provided to protect GPS receivers operating at 1575.42 MHz.”
Attachment 2 (attached hereto and made a part hereof) clearly shows that, due to similar
system characteristics, the same MSS narrowband and broadband emission limits, if ap-
plied over the 1602-1610 MHz, would provide similar protection for GLONASS operation.
The analysis shown in Attachment 2 is consistent with the analysis put forth in Attachment
B of Annex Il of the "Report of the MSS Above 1 GHz Negotiated Rulemaking Committee
(April 8, 1993)".% Interference rejection characteristics of combination GPS and
GLONASS airborne receivers as specified in ARINC Characteristic 743A-1 are most sensi-
tive to interference in the frequency range 1560-1610 MHz. ltis, therefore, recommended
that proposed Rule 25.213(b) be modified to widen the protected frequency range to
1560-1610 MHz. This wider range more fully protects GPS and GLONASS compared to

the minimum range presently proposed for GPS only; i.e., 1574.397-1576.443 MHz.

CONCLUSION

In order to protect GLONASS from harmful co-channel interference, Rockwell
recommends that proposed Part 25.213(c) specifically provide that MSS operation not be
permitted in the band segment 1610-1616 MHz until such time as GLONASS is shifted

below 1610 MHz. In addition, Rockwell urges the Commission to amend Part 25.213(b)

7 NPRM, Proposed Rule 25.213(b)

8 NPRM, Section 1.9, footnote 23, p. 7.



to widen the protected frequency range from the proposed 1574-397-1756.443 MHz to

1560-1610 MHz in order to more fully protect both GPS and GLONASS from out-of-band

emissions.

Respectfully submitted,

By: dgﬂ@u £ gé*%p

Linda C. Sadler

Manager, Governmental Affairs
Rockwell International Corporation
1745 Jefferson Davis Highway
Arlington, VA 22202

Telephone: (703) 412-6696

May 4, 1994
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ATTACHMENT 1
(previously submitted as MSS Advisory Committee Working Paper IWG2-76)

AN ANALYSIS OF PROTECTION ZONES FOR MSS L-BAND UPLINK/
GLONASS FREQUENCY SHARING DURING ENROUTE NAVIGATION

One potential means of protecting airborne GLONASS navigation from
interference due to co-frequency ground-based MSS uplink transmissions is
through the use of exclusion or protection zones around critical GLONASS
operational areas. In addition to the final approach paths into airports, two other
types of critical areas are the approach navigation signal capture points (enroute
transition to final approach) and general enroute flight paths. The case of final
approach interference has been covered in other documents (e.g., IWG2-27).
This report will present a derivation of protection zone radius based on free-
space propagation and apply it to the two types of enroute scenarios.

If maximum emission levels for co-frequency MSS uplinks and GLONASS
receiver interference immunity levels are known, then separation range can be
calculated assuming free space propagation between unity gain isotropic
antennas. The unity gain assumption is a reasonable upper bound given limited
fuselage pertubations to the normal upward looking aircraft antenna pattern.
Table 1 lists the EIRP and occupied bandwidth of the five systems proposing co-
channel operation with GLONASS. The power spectral density (PSD) for each
was found by simply dividing EIRP by the bandwidth. The free-space separation
ranges in the table are found by assuming a maximum interference level of -190
dBW/Hz for a GLONASS receiver and computing the range for the free-space
path loss required to reduce the PSD to that value. The -190 dBW/Hz value
corresponds to a C/(No+io) of 29 dB-Hz which is for loss-of-track. Note that
large free-space separations are required.

Table 1 MSS - GLONASS Co-Channel Interference Protection Zones Radii

SYSTEM EIRP BW . PSD RANGE @
(dBW) (kHz) (dBW/Hz) -190 dBW/Hz
ELLIPSAT 4.0 1100 -56.4 70.5 km
CONSTEL 0.6 16500 -71.6 12.3 km
LQSS -4.0 1250 -65.0 26.3 km
TRW 0.0 4833 -66.8 21.3 km
CELSAT -9.0 1250 -70.0 14.8 km

Note that these CDMA and other MSS systems also propose to operate
immediately above the 1616 MHz upper GLONASS frequency limit with the
same EIRP levels as in Table 1. As such, their off-channel emissions would
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have to drop rapidly with frequency separation to avoid the large separations
required for co-frequency operation.

To visualize the impact of the large separation ranges on co-frequency MSS
operation near an approach navigation capture point, consider the situation for
Los Angeles International (Figure 1). The capture point is plotted at 37 km east
of the end of Runway 26L where the aircraft is ideally at 1900 m altitude. Two
circles are plotted on the ground with slant ranges to the aircraft of 15 and 30
km, respectively corresponding roughly to values in Table 1. Note the large
populated areas which would have to be excluded from MSS operation just to
protect that one point from the emissions of one uplink transmitter. The
protection zone would be still larger to protect the flight paths approaching the
capture point from the east, north, and south even if GLONASS was not used in
final approach navigation. The situation for most other large metropolitan
airports is much the same. As a result the use of protection zones to eliminate
co-channel MSS uplink interference to GLONASS reception is very impractical
since it would exclude co-channel MSS use from very large portions of the large

metropolitan areas.

Enroute navigation is done over a whole range of altitudes below 1500 m to
more than 15000 m. Since it has been suggested that the EIRP limit of -15
dBW/4 kHz in WARC-92 Footnote 731E was derived on the basis of a high
altitude enroute navigation application, consider next the situation for enroute
paths over the sparcely populated Western US. One such area, as illustrated by
Jeppesen Chart US (LO) #7 ( Figure 2.), is roughly from Western Kansas to
Central Utah and Northern Colorado to Northern Wyoming. Points A-D are
Jackson, WY, Rapid City, SD, Denver, CO, and Salt Lake City, UT, respectively.
Ground corridors are plotted under a few high altitude jet routes within which the
slant range to an aircraft is less than 30 km ( at altitudes between 18000 and
37000 ft). The inside of the corridors is indicated by inward crosshatching. Note
the small space remaining outside the corridors. This space would be even
further reduced if the remaining jet routes and the low altitude routes were also
guarded with exclusion corridors. Corridors in the more populated regions are
would be so densly packed as to prevent all MSS uplink operation. Thus fixed
exclusion zones around enroute aircraft flight paths are quite impractical.

If the protection is provided through the use of beacons carried aboard the
aircraft, the MSS operation area near enroute paths would be significantly
increased. This solution, however, is also very impractical due to the high cost
of beacon system installation and maintainance. A high reliability, dual
frequency (L-/S-Band) beacon system would be needed on all aircraft which
intend to use GPS/GLONASS as a primary navigation system. Not only would
Air Transport category aircraft need the dual frequency beacon system, but large
numbers of General Aviation aircraft, as well, which are much less able to

absorb the extra cost.



vid

SV93A SV 0L

30iSHIAIY 0L 'S9dS WTVd 01

To Big Pines To State Rt 2
! % T
q %%’ ! . LOS ANGELES
-
£ “ ! N
% Nt § AND VICINITY
G "o ndo < i .
'y, 7 o ANGELES . Scele of Milsr
2 T8 o v 2 3 & 8 10
) 5 \F bt St
— , oon«‘uﬂ . e o Chgsy et o e
§ e N o NATIONAL ) © 1985 BY COLOR-ART, INC., ST LOUIS. MO,
= 5 S oyac—7~ Hansen D ’ N A o ) ] i
a3 3 o Pk &G.C ' _l o Gaheer &) ' San Guten B} |
Ml = N £Y Res Nl A
2 d AT & o M1 Wiion Co e € ] - wu.nzmv:ssl
2 21 & °1f Lp Crostanna Dhservatory )/ FOREST  ¢noora RI0% f s
N v . " OO, < N s |
a I 2 7 o Ao, '
Sl noskoe favvols R }\P\ . A s
; z F2N 2) Burbank wol $ s Cepida V. b
- L) A L) O ~vIAouq - oy
HEgMAN AT % D g TR |) [ Montios D YpF Uhttdge \ 7
< 3 . BRI = Vet —— — + i
z 0 \ I ; -— —_—~ e ety - -
V1S 4 aLvD. THollywood2 ‘ll,""d )rul‘: AlfE _ ~ . © . r —— -
a B o A s -
9nY - Y ﬁ EAurhl1k » Pk, Q oA % Slere -~ L [ K
b isor e 5 2) - S N nesLed Monmvlu o - ¥ e
o e BUABARK 3; . P ire - \_\ 1 \«°4I
" ¢ % uroma fendale\"N4 dena Tl o 'iuml (,o/ . : &
W : 13 ] H ! : !
- Ta o AQO D) 4 i "“"7‘”07 mO“j ““ {Gltndorl ' al HIGHLAND
\oi tvp L] . nte WiLL Clardmon LA
kS g - — V!fvvr/ﬁun v, L] g 1 » - K19)anitg Pk BLVD, @ NS
0 o) [ T )
GMOLHoL Ly, nwn()a.ﬁsmdlo: o\ 5 v "‘,’,‘ idely x o a0 Tomtldl. FOORLL uASE ﬁ Juine
- 0 oRr A Grittieh Park W\ > N s M Afcaciay Nop't pfd Cen 2
o N A HLK‘»,HoI;yw;;d % l . Masigo - affor ' [gw"‘\ Vet Y""
N\ S % g’q‘t Hiollywood =~ & « orP aghl 2l om Arig LAs A les) o : > '8 T en g
. 2 z L] Bo [a - «] ania r¢ . Co. "
% 3(3° maesn rithiry s T G, Sl ‘{ S s.n(j, DR, B sod Cantmi[% = bl i mn‘ L silfounds =3
s 3 D PALL T, SRR Y EgS| < Gabrid I3 Temp] I8 Barin| = ~—\Covina a ! <}
3, P ] ANE. « S 2 t Baldwin J{jw -
< ! 5 ST\ 2>2Alherhbra ¥ vy 03) )2 3 Dim nn )
i) Erf CRE AT & o |zeadiey _leLvol R 2% TMon
2N A g\ ol it 10, o Wt : oLt N Aye. !
2 LN 00 B : 7 U
< o, [YS ossmen oy S Cayin i BTH
) P hm é] onterey )t ._19“ L 7 e T ™ 3
d 72 < Par na frea Mon J b1 At saa \Tar /€0 3
& el | > o ught 4 Anranre I <
X Vo \ T " £2) N\ 1 Col © mona
) & G ‘l\ - rVEARBIDE| . S -
it g WM ontibello S & A > N * 5 N
z AJTO= YA .Ch : 2 <
O Ak g 12—t & oY Undus YALLey ;Chino N > 5 : sl
Hoofs s Slell TRy, o | /4, w80 N I %
H = 3Ale ommigrce & R o Pow DISON /;
> o <‘ Ma wnod » o, @ AL N ARD OMA 7 T 3
noopdl |€ A dere & s) 0 v/ oI Ny & ot 4
Park | M @) Adson (2w [) LEY &2 7 [& w
A ntingfol 2 PACK) o —
yls : ) i I
D"« wf S0, Aial E : : l ‘:P.b\; : i." * ‘k X 46’"‘:" & £ L <%
Trugh a2 o z
«r»aYV‘cV i 'L:,A',“,Zu’;’, gl d ¢ nz TONE T arde e, Q) [; “ “, l
e
UnyaiaGp 47 UL (H Nouth: Downey/ N\Jfo) ¥ v i.Los _ANGEL_E__S_ 5
~ Lond B & 2 4] oy < . (DS alived GE
« Angeles of (ela ™ \Gats uth z| Santq Fe
ntecnat’t e o = e % © e V8 H aD. ¢ JCENTRAL A R
Arper % g ' E PerenraL ek e T H.p d
K PERIALL AWY h{ I o f nnoog Parkid S o/ luw "
Tock weiler %, g H win{s 0 U 'l odt 7 . 0,
St Pk, o J P! o) & s o) Sy,
2 (] E AV 2 b 0 2 P
3 Eln%s CAADS VE - q o’ o(/\C‘o
P s Ar‘mq;' % o 1> Belllflaier ¢ Fullerto V9
Aanhatean\y <
C Geech ol B ‘"',‘:’ omptan S anoudl . 2 x| Lovote cr. o
Manhsttan®| > e & H aloombtug Col S X
Beach 4 26l z Nt 6 Ol s 4 Rl
VE. AN -
ngmcln‘u AR AT ( > B ANGETHORP
- e n
sac 3 Togfan RN Y S S Y 30 Corona e
2 < o gofli| WY icreris] P4 iy y WM orp 3
> RANCE T . o - ™
Redondo"\\efortas 2 A Dgmngde o) 12 cabion S 1 & 29 / Sla Fe\' R )
> = -
Beach [ 347 g =it ea ohp Besch \ @ feim3)\z <2 h' \ o
; o z| 2 . Alrporh & [ 0 2
2 < Ry Ha, o po 4 43 7 5
Redando (7 o . > o, 3 s 3 @4 P ¢ \,.m /wr .' e, 18 )\,
St. Besch 1 R4 Loklita ] 2 55 gr.éﬂ: P, {Pienoriagdi N K‘ ‘9‘7\‘?!' 1 \s
- EAS/
* 0,
Flatrock Pt. L ’ﬁ‘,’,’" 51 - 2 ,__‘\AHIIMA( \ 0«}\ 4
o £t EG de D &) 1«) Ll( e \
& 8 H « .
4 Zgdnni 5 <
LS z0 o >, < N |
Pal%‘n\::ers“’l N § ' (e = kd EAN 155! 71 St qg"?"va 0 IJ' 2N \C‘BO‘UAITY i
“ €Y (7 ! i g | B o |
Falos Verdes Pty ;. ‘; afling _fo k & RS {z,, A daon =t 3 RN Y NTY H |
Hil Ly 74 < HARBORA 1
YR I ¢ _y* «k"’ Y % Bragh X\BCENIC A,,m,,oﬂ\\ . - L m‘g‘ g 18T Ko CLBMWEL AND
e A4 Harl oA, SVARSRNS o 0
— Porluquuo 7 S Co e S ZI\ b \:] 2 ‘ !
Pt Vincente PP5°° VER BN A" Long Basch N, 0a ! E "o @ ©
,nit,:‘n; X Mumzl:nd oF f,'\“m:’,r:’”:;:nd Goech ntington - rs’é el Pr. & : |
e becitie Yoy iotGngeres v PEDRO  Surfslde L T I e 4 T & X L
57,, } U. s, Immlgunl Suntet™ Yo N ——,——
Royel m/mr\’\ 3 8 Coett Guard Sta. BATN Borch “Ne—Beach JARYA ou N
HYANITTN N Fort Mac Arthur ~— Gl . a g @ Coast N
Al Ras Yuotngton\ N > & £4 O we

SINOZ NOILD3LO¥d YIHY STTIONV SOT TvOIdAL 'L FdNSid

y 40 ¢ abed



SINOZ NOILOFLO™d FLNOYNT SNNOD NYILSIM TVIIdAL 'Z 34NOI4

Page 4 of 4

>
= X . - ' N . : B N
= > X o R eI 3.2 e i
= e ; q ” He ! J
“3 e v o A P - : T e f3 e X
- d Ahe y s - 4 2 1 % 3 o g BRI ‘A A a7 - : .
. ¢ < v i . : N & = % .
W q > e . & " ¢ cite S | -
e 1re 8 A78. o 9 o ) 4 N M ] TN . ” e f . : s
J S 4 5 . o - ¥y - i sl i
g A < . et R ) 5 2o — \ 3 gl 4
= TRl , §5 ' . > 3 DN Sy I 3 L W edvie 0 e T % s P |
e S-—x] (. P > 1 Do Vg o . ot LhY - o trad 202~ s i i . ¢
4 k 2 PN W & T ; . 1 ER by 0 v . w1 B £
K > N P 3 oy h - g T . 4 ~ 5 Pose 40 4 o
3 P8 = = k e y R . X d "~ : - 2 Y
% % a g e "4 3 )
q 4 N 4 1 . o ~ R ® . & y P
b4 . \9 ~ ° v . e ST - 1 NGBS s A - ———
1 o 2 r 3 + -, ors v R . .. R o, L .
. ~ (A % Qo 7 I S g : d 2 & T Q 25 4 R : . p > et b A 3
Y - . o e i D i ; e 0 e LA T g T FASE T, - ¥y <2
= . a : 4 - W N - ok ™ AT g Lt SN0, p - s
Sl b X A 24 i > Q - s pi 5 X . 4 = N
. " %o Ay 4% L k £ p AT -
- ‘0.4 S / 5 .- v h B T < 2 > 4 & ot ot
(8 . gL s A 3., 00 o . A > il K- ¢ W v ST @ 5 \
% 5 : 2 < : * . Fi- A :
w2 : ¥ o 4 p o . 3 : e T s > 4 -
. > iBef 5 d PN : ) £ w B t at 4 [k . - N "
SEHE ., 2 T Iy N L ) walld “Anl & Sy - brrigi
. > ; : 4 . ¢ Jylim . B > ; g h po oTiee i =
> ) e\ S - . 4 - . o B . n
r = g 2 ¢ (G St e - 4 - PO o i 3 LzB, ®
= RS g e oy . Filag-hepdl - a - s ¢ :
o v Y e 3 . B o &9 - : <& Y et
W S L 5 ~ s o < N . e e . D RIS
! 3 < 4 d 474 3 o AT - : o ; s + v i "2 = ) ~ "
| A 2 g et D xs h a i % it &Y A : o s L e ; 1 -
; 5 ! : % . : N 3 i - > !
- . - 4 C e B n & . J =2 H T -5 x
i B ¥ < pouiUa b S B Syl iy . D - v e~ B i 3
T o 1 D A L SOl e el z - ot AT A T p - <
p y 198% 5 sy R I .- - O Yonort sovepmoni o r s " Y aam. T v Fissy <
H Y ” by R £ % ¥ Y d = . 2 s o e Pt eq ! oy ! . : A . d - ~
M 2 v W s e ong L cr e - - it 4 et ks <y % o : i
h > ¥ % 2 IR i~ H v o - 3 - & N e
V= g , S 3 y - ¥ -t N Pkl 2 . : —.
£ o 2 i . - I & ot or - X e Xy i
2 T . = > Py
. . & . 2 v >, g . = m T ) ahS < : .
g . X A S Ty niw arrl gy : v . N 2 L edl -
s ” e 12 pss s B RN ) v T
. e ” : - - g 7 bt 3 e S b -3
: ! i 2 g o o % f ot g Tia > e 3 2 . 4
At e . -4\ Qi Averel % s . % 3 % 3 2 g p = A ek o -
W g0 2 2 by 0 - " h - )7 > o b 50 Y
) " h K s v =z D < . " G e
NN T T B P i A 3
pON WY A . gl - DT T b
- 4 v Tervet - Lt ’ h : -3 -
e : N e Y00 3 y N A : *
- . o : . S 2 i 3 U3 Teviy S > 7 i
- - 4 2 : . d E 4 . g YRR, vl h @ 3
“ 5 ) e, a4 . N 41 h
3 9 7 . g - T e .- - A . W AEA" 2 ! - 23 - -
i . X . - N, 4 T e H ¥ 3 z - .-
v gLy 2 . - —— - &+ 7 , . b R G-, B 4 A, X/, d )
» 3 ; . . : W N ; - SN S E 3 7 . 2 By~ =
. o R i\ - g T . N = - L= s - - D Wa g - L
ey s 5 & Y, N A \ 7.
- < % z e — - - . 2 ‘. 5
e 3 i P N 4 N EI L : N L h o X .
e g T ¢ . Bt P . 0 ~ T e I - s =N i
2 . O Loart oy " P TN e 3 - T, f
4 A R & ) FRR - R TR A (N
f H ol a ot i 3 A A b 2 b 3
. - g S . y T 5 % >, & S S
Taia . Q 3 3 e " AN . vl STy ! T o - e ¥
- 0 b WL > . A ¢ 2 ’ 0
N - : Y R ¢ - 3L 2 ey ;
ol % . r . A e NG . : . VY & Ty
. o i - . . e gy ; 7o < o . K
W g ~ g ek P » 4 - - < T Dyt e
o N o Lty 4 = o -y . - g - < - L Iy
X ay 4 iz & . N S 9 e v =N g - . < s * Z
” IS } 13y . R g 3 ] ’ RIS 2 ¢ R . ¢ vl I 1
. g J T il . Btay ] o : Lt 3 ; <
. e ok y - : o X
Fiti * \es,
e oty .
0 g i
T,

i
|
i

!

I

v .

) X 2
. . = : k ) , =
P - N . e o h
; . vi 0N - - B
- N ’ - 4 v TN = o
. g ! ; g . P 9 . erit J a
b H e F - s 4 " 2 , B . - . z . 4 N e (iiese 2 D z
3 h 2 == X . o AN % & s s < R -
v . f TE . . A < AN 8
- : - v o ot Y X 2 Tie - ] AR . .\ AR g
A g ot < S & 9 - 5 . N D -, v ”
s : z ) 2 » %, . : ' “
T b " N . D f el - M’ g B e e 2
. - hiok % Y - Sai) e o - il ATy A il } " Y m z . 4
. = 5 3 ; oy [ 2 MY S~ R 3 -3
- ) . . . 9 o ; & i B
ol N — - >l A K3 4 e o) N t b h, - P S h
. o N N b o S .t 3 I e % T . . L gride “he = A < d;
1 >~ » K { 2 e 4 o2 37 Aty - (bl : P \
H 5 S, oo < ety §m oSS Q- N ) 2
- = . P> : o 3 . 5
1 Te A S\ X ) . - 4 4 v -
p .o X ¥ » s < " g - 2 & . 5 H .
g : .. - v ) A% \ A PR - . - " \ B 5 ks o
\ = 2 7 S = Gt oy H 5 n z N y O e y
J e : s oz, N % . - . B
. 4 s o et o N . X - h St e il =) 3 > 3 -
A 3 o R ) H ., 0 =~ ol T - z % H c 7 L .
M o . > — -t 3 o 1 o - o - Y
- N X : . 2 - R v ~ \
i ST pvh ? .- : . ST s i 3 Ll { P R ., r gl ; B
R Y el » £ 3 R v U 3 T g * e ht
, 18 T N oy drh y belid v p A -~ G q* : sl £l SN ECRD T, 9 8 - -
e 8 T . ; = maNrg - y X, ‘7 e BT s YL e, = . 2 Y P
TA 8 \ ot a4 » w B a4 VT - 4 : . Avis r A e
A A< ‘o, . ' = 3 " A - 4 Oty g i =T T - o 2k - v
e f a4 i S0 SR Y P [Py - . AN " i . Qa3 p. s g
- £, ~wran p i % . Qv S N - A M " N "L B - - Lo g Lo 3% ’
o (f e v s namn b = ’ = 45 b . B .
4 ¢ - 3 N B H . T . ¥ 1 ., ety . S P
L 3 s~ 5 o . ; N A g . . ., o P E UGS . b .
1) p Sy - v , : % . - fan ' LI, R e A
= 2 i T
h DU h .“ . N 9 . ' .
! . D N o S R P DO O T

P
Tt Yrowfies

Oewgeai -

Lot ot s
R et o)
L o1 sn



Page 1 of 3

ATTACHMENT 2

MSS MOBILE EARTH STATION OUT-OF-BAND EMISSION LIMITS FOR
PROTECTION OF GPS AND GLONASS STANDARD POSITIONING SERVICES

NAVIGATION RECEIVER SYSTEM PARAMETERS:

System Noise Temperature  (referenced to antenna)

Yo

ant ant/cable remote cable rcvr/processor
loss presel./LNA

Figure 1. Nav Receiver System Block Diagram

Tsky =100 Kelvins, environment noise temperature
T =300 Kelvins, antenna ohmic and cable loss temperature
To:=290 Kelvins, noise figure standard reference temperature
15
Le = 10" antenna ohmic and cable loss factor (ratio)
2.544
F P =10 " remote preselector/preamp input noise factor (ratio)
Tsys = Tsky + T (L c-11+L ¢l <F o~ 1 ;-To} System noise temperature
(referenced to antenna)
Tsys = 549.99 Kelvins. Assume the same value at 1575.42 MHz and 1602-1616 MHz.
Antenna Directivity Factors sateliite

/ Angles relative to antenna:

Jammer Angle = +20 deg.
Satellite Angle = +5 deg.

jammer —

ant. plane

Min. spec. directivity, 5 deg. D¢ = -4.5 dB

Assume directivity, 20 deg. Dj =25 dB

Relative jammer-satellite Dj -Dg=7 dB
directivity for 20 degree roll

Figure 2. Jammer - Satellite Geometry for
20 degree Aircraft Roll Manuever
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Signal Processing Factors i =1..2 signalindex
S, = -161 dBW, Minimum GLONASS signal (ref. to 0 dBic antenna)
9 7 - 160 dBW, Minimum GPS L1 C/A signal

GBw, = 10'log (5.11-105,,? dB-Hz, GLONASS processing gain-bandwidth, wideband noise

GBn, = GBw, - 5.08 dB-Hz, GLONASS gain-bandwidth, narrowband (<600 Hz) jammer

GBw,, ‘= 10-log<1.023-106“3' dB-Hz, GPS processing gain-bandwidth, wideband noise

GBn, = GBw,, - 16.1 dB-Hz, GPS gain-bandwidth, narrowband (<600 Hz) jammer

CNIR := 32 dB-Hz, Minimum carrier/(noise+interference) ratio for acquisition with dwell
time < 40 ms - a long but bearable dwell given nav. is underway

L imp = 25 dB, Hardware implementation loss - for non-ideal filtering, A/D thresholds, etc.

MAXIMUM RECEIVER INTERFERENCE LEVEL CALCULATIONS: (Ref. ARINC 743A-1)
Wideband Power Density Calculation

Ng =10 |09<138054'‘|0'23'Tsys ! dBW, System ambient noise power at antenna
N, = -201.2

“Limp —CNIR No-$;-Dyg;
JBDw, = S, + 10-Iog<10 v g I

= Product of wideband interference power density and relative int./sig. antenna directivity,
rearranged log form of: C/(No+lo) = S*Ds/Limp/(No+J*Dj/GB)

JBDw, = -201.68 dBW/Hz, Max. GLONASS wideband interference power density at antenna
for O dB relative interference/signal antenna directivity

JBDw, = -198.51 dBW/Hz, Max. GPS wideband interference power at antenna (0 dB I/S dir)

Narrowband Power Calculation

/ L jmp —CNIR No-8,-Dg}
Timp TETR 0 i TSy
JDn = §; + GBn, + 10log\to " -10 0

= Product of narrowband interference power and relative int./sig. antenna directivity,
log form from wideband case multplied by narrowband proc. gain-bandwidth factor

..an1 = -149.68 dBW, Max. GLONASS narrowband interference power at ant. for 0 dB
relative interference/signal antenna directivity

JDr12 = -154.51 dBW, Max GPS narrowband interference power at antenna (0 dB I/S dir),
consistent with ARINC Characteristic 743A-1

SEPARATION RANGE CALCULATION:
Maximum Out-of-Band MSS Emitted Power Definition

Pdw = - 130 dBW/Hz, Max. MES o0-0-b emitted EIRP density in GPS L1 or GLONASS
band for interference with more than 600 Hz bandwidth,
equivalent to -70 dBW/1MHz

Pn = -80 dBW, Max. MES o0-0-b emitted EIRP in GPS L1 or GLONASS band for
interference with less than 600 Hz bandwidth
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m=1.11 calculation index

Djs =-3+(m-1) dB, Relative jammer-to-signal antenna directivity (indexed)

A1 = 20-log M—S| A2 = 20-log %\ dB, Capture area factors, GLONASS, GPS
1.602-4-7/ 1.57542-4-n;

Pdw - JBOw, + Djs . + Al

me [ = 10 2 meters, Separation range for wideband interference

an 1 = 128 Rw11 )= 90.34 GLONASS, GPS ranges, respectively, in meters
' ' for 7 dB directivity favoring the wideband interference

Pn— JDni + Djsm +A

Rn_ . =10 20 meters, Separation range for narrowband interference
' (bandwidth < 600 Hz)
Rn11 1= 101.62 Rn11 ) = 180.28 GLONASS, GPS ranges, respectively, in meters

for 7 dB directivity favoring the interference

Table 1. Wideband and Narrowband Interference Separation Ranges as
a Function of Relative Interference/Signal Antenna Directivity

Rel /S RANGES (m)
Direct. GLONASS GPS
(dB) WBInt. NBInt. WB Int. NBInt.
P_jfm Eﬁ"ll_ an,1 me,2 an_Z
-3 4048 | 3214 | |2857| |[57.01
2| 4541 | [36.06 | [3205| [6397
1] 50.96 | (4046 | [35.97| [71.77
(0| 5717 | [4539 | [40.35| [80.53
1] 64.15 50.03 4528| [90.35
2] 71.98 57.15 50.8| [101.38
3] 80.76 | [64.12 57 113.75
4] 90.61 71.94 63.96] [127.63
B 10167 [8072 | [71.76] |1432
6 | 114.08| [9057 | [80.52] [160.67
7] 128 101.62| [90.34| [180.28
200 T T T T T
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Figure 3. Separation Range vs I/S Antenna Directivity (cases from Table 1)



